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Abstract/Synopsis

Transition Metal Derived Catalysts for Selective Oxidation and Hydrogenation Processes

The thesis primarily focused on the development and their potential application of various homogeneous and heterogeneous catalytic systems. The introductory chapter highlights various important aspects around the transition metal catalyzed selective oxidation and hydrogenation processes which essentially develops the necessary platform of the work presented in the subsequent six chapters. In this regard, generalized catalytic protocol for the direct functionalization of terminal alkenes to corresponding dimethyl acetals and terminal aldehydes have been developed with absolute anti-Markovnikov regioselectivity by using Fe(BF4)2.6H2O as catalyst and pyridine-2,6-dicarboxylic acid as ligand. Moreover, the effect of isomeric structural features of the molecular composition of [RuII(trpy)(L)Cl] (trpy = 2,2/:6/,2//-terpyridine, L = deprotonated form of quinaldic acid, HL) on the catalytic epoxidation process have also been evaluated under mild and environmentally benign reaction condition. Isomeric identities have been established by their single-crystal X-ray structures which reveal that under the meridional configuration of trpy, O and N donors of the unsymmetrical L are in trans, cis and cis, trans configurations, respectively, with respect to the Ru-Cl bond. The origin of the differences in catalytic behavior of both the isomers has been investigated experimentally and by DFT calculations. The preferential radical mechanism for the said epoxidation process has been established via various controlled reactions in presence of radical scavengers which has also been well integrated by DFT calculations. Similar type of ruthenium complex of the molecular composition of [RuII(trpy)(L)H2O]PF6 (trpy = 2,2/:6/,2//-terpyridine, HL: Quinolinecarboxylic acid) has been synthesized and characterized properly to behave as an efficient water oxidation catalyst. It exhibits pH dependent proton coupled electron-transfer (PCET) processes which indeed facilitates the in situ formation of {RuIII-OH} and {RuIV/V=O} species as has been revealed by the Pourbaix diagram. The detailed mechanistic aspects of the said water oxidation process have also been established by experimental and DFT calculations which reveal the involvement of water nucleophilic attack (WNA). The newly designed palladium complex, [Pd(L)Cl2] where L: N,N/-bis(diphenylphosphino)-2-(diphenylphosphino)ethanamine, has been found to be effective in generating selective phenol derivatives from a wide variety of arylboronic acids in solvents with low dielectric constant using molecular oxygen through an ‘oxidase catalytic pathway’. However, in solvents with high dielectric constant values, homo-coupled product, biaryl is also formed along with phenol. The controlled experiments have revealed that the reaction is initiated by in situ formation of palladium-peroxo species and the phenol formation takes place through the reductive elimination step. Finally, catalytic activity and selectivity of [Pt15(CO)30]2– derived nano-catalysts have been evaluated and compared with the reported [Pt15(CO)30]2– derived MCM-41 and a water soluble polymer supported analogues catalysts.

